Somatostatin interferes with thyrotropin-induced G1-S transition mediated by cAMP-dependent protein kinase and phosphatidylinositol 3-kinase. Involvement of RhoA and cyclin E x cyclin-dependent kinase 2 complexes.
cAMP-mediated cell proliferation is a complex process that involves multiple pathways. Using a cAMP-dependent cell system, FRTL-5 thyroid cells, we have previously demonstrated the existence of a precise autocrine loop in the control of cell proliferation that involves the positive effector thyrotropin (TSH) and the general inhibitor somatostatin. In search of the regulatory mechanisms responsible for the TSH and somatostatin control of cell proliferation, we analyzed the cell cycle regulatory proteins and the cellular pathways involved in the action of both signals. The results show that specific inhibition of cAMP-dependent protein kinase (PKA) and phosphatidylinositol (PI) 3-kinase blocks independently TSH-induced FRTL-5 cell proliferation and that somatostatin interferes with both signals. Each pathway activates different proteins required for G(1)/S progression. Thus, PKA is responsible for the TSH-induction of 3-hydroxy-3-methylglutaryl-CoA reductase mRNA levels, RhoA activation, and down-regulation of p27(kip1). These correlated events are necessary for FRTL-5 cell proliferation after TSH stimulation. Moreover, TSH through PKA pathway increases cyclin-dependent kinase 2 levels, whereas PI 3-kinase signaling increases cyclin E levels. Together, both pathways finally converge, increasing the formation and activation of cyclin E x cyclin-dependent kinase 2 complexes and the phosphorylation of the retinoblastoma protein, two important steps in the transition from G(1) to S phase in growth-stimulated cells. Somatostatin exerts its antiproliferative effect inhibiting more upstream the TSH stimulation of PKA and PI 3-kinase, interfering with the TSH-mediated increases of intracellular cAMP levels by inactivation of adenylyl cyclase activity. Together, these results suggest the existence of a PKA-dependent pathway and a new PKA-independent PI 3-kinase pathway in the TSH/cAMP-mediated proliferation of FRTL-5 thyroid cells.